Introduction
We have already described in another paper (1940) the effect of the two independent inversions in the X-chromosome of Drosophila virilis on the crossing over and disjunction of the same chromosome . Since then, we have studied the effect of these inversions on the crossing over of the other chromosomes as well as on the crossing over of the terminal region of the X-chromosome.
It is the results of this recent work with which this paper deals. The study forms a part of the research works carried out by the members of the Genetical Section in our institute under the auspices of the Special Committee of the Fundamental Researches on Heredity of the Japan Society for the Promotion of the Scientific Research . Financial aid was also received from the Scientific Research Fund of the Department of Education and the Showa Hokokwai.
It is our pleasant duty to express herein our hearty thanks to all these foundations and societies.
Material and Method
The strain of Drosophila virilis having the two independent inver iions, proximal and distal, in the X-chromosome, reported in our last Japer (1940) , was used as the material.
The proximal inversion extends from the boundary between the inert and the active parts of the chromo some to the region 21-22 according to Fujii's salivary chromosome map (1936) , or from 100 to 160 according to Chino's genetical maps (1936 Chino's genetical maps ( .937, 1941 . The distal inversion occupies the parts from 10-11 to 18-19 iccording to Fujii's map or from 40 to 80 according to Chino's maps ,see our last paper for details).
Expressed by symbols, the proximal nversion is In (X) Sp, the distal one In (X) Sd, while the two together are n (X) Spd. These inversions, existing together or singly, have a lethal ffect on the male and on the homozygous female.
In all the experiments multiple recessive males for three or four enes in the chromosome to be tested were crossed to the female hetero ygous for the inversions, and the Fl females were backcrossed individually ytologia 12, 1942 24 The crossing over in the region y-c which is nearly at the distal end of the chromosome is thus increased about 13 percent, an amount whicn is statistically significant.
The next c-f region includes the distal inversion, while op is located within the proximal inversion, so the reduc tion of the crossing over in both region is expected, the rate being nearly the same as that obtained in the last experiment.
The distal inversion existing singly-In (X) Sd
Two strains, one having only the distal inversion In (X) Sd and the other only the proximal inversion In (X) Sp , were derived from the original In (X) Spd strain by the crossing over in the intercalary uninverted section.
The heterozygous In (X) Sd/dy sb rg1 females were crossed with the y c f ap male, and the F, females were backcrossed individually to the y c f ap male.
The cultures that produced d rt were used as the control . The results obtained are presented in Table 2 . Table 2 . The recombination values in the heterozygous In(X)Sd X-chromosome Table 2 shows that the distal inversion alone has no power to increase the crossing over in the distal region of the X-chromosome . The value even tends to be somewhat below that of the control . This difference however is short of being statistically significant. Incidentally, the values obtained in our last experiments for the terminal region of the chromo some in the presence of the heterozygous In(X)Sd are as follows:
It seems thus certain that the distal inversion existing singly does not have any definite effect on the crossing over in the terminal region of the X-chromosome.
The recombination value for the c-f region shown in Table 2 is nearly identical with that in the case where both the inversions are present; and that for f-ap is reduced to 1, 3 of the control, much as in the experi ment described in our last paper.
The proximal inversion existing singly-In (X) Sp
The yellow (y 2.9) vermilion (t, 25.5) miniature (nit 78.0) male was used in this experiment.
The results are shown in Table 3 . Thus it is clear that the proximal inversion alone has no effect on the crossing over in the X-chromosome.
The Effect of the X-chromosome Inversions on the Crossing Over in Other Chromosomes
The two inversions existing together-In (X) Spd
The third chromosome:
The In (X) Spd/c f ap females were crossed to the males homozygous for rolled (rl 0.0) cinnabar (en 9.5) short veins (sv 24.5), and the F, females were backcrossed individually with the rl cn sv males. The cultures that produced f or ap males among the next generation flies were used as the control.
Among these the males having both ap and cn are indistinguishable from the ap males, so only the females were taken.
The results are shown in Table 4 . Also, to examine the effect of the inversions on the crossing over in the proximal region of the chromosome, the cinnabar (en 9.5) short veins (sv 24.5) tiny bristles (tb 104.0) hap2-L2 (gp2 118.5) coffee (ef 132.8) males were crossed to the In(X)Spd/y c f ap females, and the F, females were backcrossed individually by the cn sv tb gp2 cf males, and the recombination values in the regions tb-gp and gp-cf were com pared with the control.
The results are shown in Table 5 . Tables 4 and 5 show that the crossing over in both the rl-en region which is apparently at the extreme distal end of the third chromosome, and the gp-cf region which is apparently near the proximal end of the active region of the chromosome, is increased by the presence of the inversions, whereas the next cn-sv and tb-pp regions show no change.
The Fifth Chromosome:
The In (X) Spd/c f a.p females were crossed to the males homozygous for prickly-b (pk-b 0.0) fat (ft 44.5) scarlet (st 67.5) eosinoid (es 91 .4)x, and the F, females were backcrossed individually with the pk-b ft st es males . The results are shown in Table 6 . for this experiment is as great as for the experiments relating to the third and fifth chromosomes, the results seem rather striking.
The distal inversion existing singly-In (X) Sd
The Third Chromosome : The vl en sv males were mated to the heterozygous In (X) Sd females, and the F1 females were backcrossed individually with the vi cn sv males. The results are shown in Table 8 . The proximal inversion existing singly-In (X) Sp
As in the preceding experiment, the rl cn sv strain was used for testing the effect of the proximal inversion existing singly on the crossing ovrer in the third chromosome.
The results are shown in Table 9 . Table 9 . The recombination values for the third chromosome in the presence of the heterozygous In(X)Sp
Thus the crossing over in the third chromosome is hardly affected by the presence of the proximal inversion alone in the X-chromosome.
Discussion
The experiments described above have shown, firstly, that the X-chro mosome inversions existing in the heterozygous state increase the crossing over in other chromosomes, and, secondly, that the amount of this in crease varies according to the chromosome, and also according to the part of the chromosome influenced.
The same facts are known to be true of D. n elanogaster by the works of Ward (1923) , Schultz and Redfield (Morgan, etc. 1932, 1933) and Steinberg (1936 Steinberg ( , 1937 , and indicate the presence of a negative correlation or 'competition' between different chromosomes or between different parts of chromosomes in chiasma for mation (Mather and Lamm 1935 , Mather 1936 , 1938 .
Such a correla tion has been confirmed by Mather (1936) as taking place between bivalents in several kinds of insects and plants as well , although its occurrence is not universal. The present study has demonstrated further , thirdly, that the degree in which crossing over increases in other chromosomes depends on the degree of suppression of the crossing over in the X-chromosome which .contains the inversions.
Thus the crossing over in the third and fifth chromosomes is increased the most in the presence of both inversions, while such a change is hardly perceptible in the presence of the pro ximal inversion alone. And, fourthly, such an increase is most clearly seen at the proximal and distal regions of the chromosomes. According to Schultz and Redfield's (Morgan, etc. 1932, 1933) and Steinberg's works (1936) , such a change is most pronounced in the distal region of the X-chromosome, and in the proximal and distal regions of the second and third chromosomes in D. melanoga.ster also. These regions are known as the parts where chiasma formation is of the lowest frequency, and the genetical length is relatively small. Having this peculiarity, the regions, more than any other, are sensitive to the effect of the inversions existing in other chromosomes.
The most noteworthy result obtained by the present study seems to be the increase of crossing over in the distal region of the X-chromosome itself caused by the presence of the heterozygous In (X) Spd. Such a change has apparently never been shown as taking place in D. melavo gaster. This specific difference is probably due to the fact that in D. virilis the X-chromosome has a genetical length which is nearly 2.5 times as long as the chromosome in D. maelanogoster (Chino, 1936 (Chino, -1937 (Chino, , 1941 . .and the terminal region has a kind of autonomy in chiasma formation as if it were an independent chromosome. It is to be noted that the effect of the inversions on the crossing over in other chromosomes or in other regions of the same chromosome, is similar to the effect of temperature or X-ray radiation on crossing over. The parts most influenced by the stimuli, as well as by the inversions, are those near the proximal and distal ends. This has been accounted for by the fact that these regions are where the chiasma formation is the least frequent (Mather 1938) . It has been shown in D. virilis, much as in D. melanogaster, that by high temperature and X-ray radiation, the crossing over in the proximal region of the X-chromosome is increased, and that in the distal region of the X-, third and fifth chromosomes is decreased (Kikkawa 1934 , Chino 1936 -1937 In any case, the fundamental cause of both is apparently the existence of the upper limit in the number of chiasmata to be formed in the same nucleus, as pointed out by Mather.
Summary

The two independent inversions
In (X) Sp and In (X) Sd found in the X-chromosome of D. virilis, when existing together in the hetero zygous state, increase the crossing over in the terminal regions of the third and fifth chromosomes and that in the proximal region of the third chromosome.
2. They also increase the crossing over in the terminal region of the X-chromosome itself. 3. The distal inversion existing singly also increases the crossing over in the terminal region of the third chromosome, but not that in the terminal region of the X-chromosome. 4. The proximal inversion existing singly has no effect on the cross ing over in the terminal region of either the third or the X-chromosome. 5. The degree in which an inversion affects the crossing over in other chromosome or in other region of the same chromosome, depends on the degree of suppression caused by the inversion of the crossing over in its adjacent region. 6. The effect is of the same nature as that of high temperature or of X-ray radiation: an increase in one region of the chromosome is always accompanied by a decrease in the other. This 'competitive' (Mather) or 'compensatory' (Kikkawa) relation is due to the existence of the upper limit in the number of chiasmata formed in the same nucleus.
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